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A B S T R A C T
Ictal bradycardia and asystole can appear during an epileptic seizure. Theymust be promptly recognized
and treated due to their potential life threatening consequences. Indeed, they have been implicated in
the pathogenesis of sudden unexpected death in epilepsy (SUDEP). We report the case of a 33 year-old
woman with a right temporo-parietal lobe epilepsy who presented a 19 s asystole during a cluster of
seizures. Careful interview revealed appearance of numerous episodes of fall in the previous years. The
patient underwent cardiological investigations including echocardiography and His bundle electro-
graphy that resulted to be normal. A pacemaker was immediately implanted and, although she
continued presenting seizures, no more episodes of falls occurred. In order to better preview ictal
asystole several risk factors need to be searched. Attention should be paid to an accurate medical history
(ask for episodes of falls) and a simultaneous ECG/EEG recording. The occurrence of bradycardia during a
seizure should lead to further cardiological investigations. This could help preventing the occurrence of
dramatic consequences such as traumatic falls or SUDEP.
 2010 British Epilepsy Association. Published by Elsevier Ltd. All rights reserved.
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Cardiac arrhythmias can be a common phenomenon during
epileptic discharges. The association between cardiac rhythm
modiﬁcations and seizures has been recognized since 1906 when
Russel et al. marked cessation of pulse during a seizure in a young
man.1 Ictal epileptic discharges can cause supraventricular
tachycardia, sinus tachycardia, sinus bradycardia, sinus arrest,
atrioventricular block and asystole. Sinus tachycardia is the most
frequent arrhythmia2 and usually has no life-threatening con-
sequences. Ictal bradycardia is considered a rare event that affects
less than 5% of epileptic patients3 while the asystolic episodes
associated, recur even less frequently (0.3–0.4%).4 However, this
prevalence might be underestimated. Rugg-Gunn et al.5 has used
implantable loop recorders in 19 patients with refractory partial
seizures and has monitored them for more than 220.000 h (a
median of 18 months). This study has demonstrated a 7 times
higher incidence of ictal bradycardia (36.7%) and a 40 times higher
prevalence of ictal asystole (16%). Due to its potential lethal
consequences, ictal bradycardia/asytole should be promptly
recognized. They have been implicated in the pathogenesis of
sudden unexpected death in epilepsy (SUDEP). We report the case* Corresponding author at: Explorations Neurologiques et Epileptologie, Hoˆpital
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1059-1311/$ – see front matter  2010 British Epilepsy Association. Published by Else
doi:10.1016/j.seizure.2010.10.031of a right temporo-parietal lobe epilepsy that presented a 19 s
asystole. Pacemaker implantation was immediately performed.
2. Case report
A 33-year-old right-handed woman was referred for assess-
ment of drug resistance focal epilepsywith numerous falls. She had
no history of febrile seizures, central nervous system infection,
cranial trauma, no history of cardiac disease or hypertension.
Family history was negative for epilepsy, febrile seizures and
cardiac diseases. She had her ﬁrst seizure at 16, soon after a big
emotional shock. The seizures were characterized by staring with
loss of consciousness without automatisms and without language
disturbance in the post ictal phase. Seizure durationwas about 30–
60 s. The frequency of seizures progressively increased with a
severe aggravation after her ﬁrst pregnancy. At age 29, few
episodes of falls are reported. At age 31, a seizure with loss of
consciousness was recorded, characterized by sharp waves
localized at the right posterior region (in particular P4–O2),
followed by theta activity. During this seizure, a slight bradycardia
was noted. Cerebral MRI was normal. At referral, she had at least
two seizures perweek despite carbamazepine (CBZ) (400 mg twice
a day) and clonazepam (CZP) (1 mg/day). Previously, she received
valproate, levetiracetam, pregabalin, lamotrigine with an incom-
plete control of the seizures. Physical and neurological examina-
tions were normal. The patient’s blood pressure was 125/75, the
pulse 72 bpm. ECG was normal. Long term video-EEG during 48 h
was performed using the international standard 10/20 systemwithvier Ltd. All rights reserved.
[()TD$FIG]
Fig. 1. Waking EEG (15 mm/s and 100 mV/cm; T1, T2, TA1, TA2: supplementary
anterior/inferior temporal lobe electrodes). Sharp waves on the right temporal
region (phase reversal on T4, maximal amplitude on T2–T6 rather than on TA2–T4).
On the ﬁrst segment, the changes slightly spread to the right parieto-occipital
region. Note on the ﬁrst segment, a mu rhythm on the left central region and on the
second segment, the presence of lambda waves over the occipital regions.
[()TD$FIG]
Fig. 3. The seizure continue. A slower activity is more organized over the right
parietal region. There is a progressive decrease of heart rate.
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activity was characterized by sharp waves and theta activities in
the right posterior region (Fig. 1). The patient presented 5 seizures
during the ﬁrst night of EEG monitoring. Clinically, they were all
characterized by brief episodes of loss of consciousness. The last
one, that occurred in the morning while she was having breakfast
in bed, presented also mydriasis, a hypertonic phase followed by a
hypotonic phase. In the postictal period, the patient complained
abdominal groans. All ﬁve ictal activities were characterized at the
onset by the same EEG pattern: fast rhythms over the right
temporo-parietal regions. The seizures lasted 15–20 s. They were
all accompanied by bradycardia. The ﬁfth seizure started as the
other four (Fig. 2) with bradycardia leading to a cardiac arrest that
lasted 19 s (Figs. 3–5). Ictal asystole was diagnosed and a cardiac
pacemaker was immediately implanted after consulting with the
cardiologist. All cardiological investigations, including echocardi-[()TD$FIG]
Fig. 2. At the beginning of the plate, seizure onset with fast rhythms over the right
temporo-parietal region that spread to the controlateral region followed by a
rhythmic activity on the right parietal region. There is a phase reversal on C4–P4.ography and His bundle electrography resulted normal. Since the
pacemaker implantation no more episodes of falls occurred. The
patient has continued presenting her typical partial seizures but
the presence of the pacemaker has prevented the occurrence of
falls.
3. Discussion
It has been hypothesized that ictal bradycardia could be the
consequence of an activation of the central autonomic network
with a vagus stimulation that leads ﬁrst to sinus bradycardia and
later to sinus arrest with asystole. Studies on ictal asystole have
focused their attention to the association with a speciﬁc cerebral
lobe localization and the cerebral hemispheric lateralization.
Tinuper et al. reviewed all clinical cases of ictal bradyarrhythmia
and tried to localize the lobe responsible for seizures in each case.
He found that temporal epilepsy was responsible of bradyar-
rhythmias in 67% of cases whereas frontal lobe epilepsy accounted
for 33%.7 Kahane et al. found that seizures originated in the right
frontocentral and temporal neocortical area induce bradycardia.8
Britton et al. has demonstrated that ictal bradycardia usually starts[()TD$FIG]
Fig. 4. Cardiac arrest with no electroencephalographic effect during ﬁrst 4–5 s. Then
appearance of diffuse delta waves (hypersynchrony) followed by electrocerebral
inactivity (syncope) that abruptly replaces the phase of hypersynchrony. Note the
muscle artifacts during the syncope (hypertonic phase). At the end of the plate,
resumption of heart beat.
[()TD$FIG]
Fig. 5. First part of the plate, the tonic phase of the syncope continues despite heart
activity. The isoelectric phase of the EEG is interrupted by a large downward
deﬂection which signals the return of the slow activity that progressively
normalises coinciding with the return of consciousness. This feature at the end
of the ﬂat-phase of the syncopal EEG has been illustrated by Stephenson16.
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is that ictal discharges from the temporal lobe might diffuse to the
insula cortex, amygdala or hypothalamus, the cerebral regions
responsible for regulating cardiac function.10,11 In our case, the
seizure localization was the temporo-parietal region and the
discharge could have spread from the temporal lobe to the nearby
central autonomic structures thus supporting the hypothesis of an
association of ictal bradycardia with these cerebral regions.
Anyhow, our case does not support the theory of a left/right
hemispheric lateralization of cardiovascular effects. Many experi-
mental studies have demonstrated how left stimulation leads to
heart rate decrease and right stimulation leads to heart rate
increase. More recent studies however, have demonstrated a less
evident lateralization of cardiovascular effects9 and literature data
also no dot support this hypothesis, there are other cases of right
hemispheric seizures associated with asystole.12
Other possible causes of asystole (such as drugs) should be
ruled out when evaluating the patient. Our patient was receiving
CBZ, a drug that has been previously reported as able to alter
cardiac autonomic function. A depressant dromotropic and
chronotropic effect of this drug has been suggested for patients
with cardiac electrophysiologic abnormalities.13 Other studies
have also shown how CBZ may be able to amplify autonomic
alterations seen in epilepsy.14 Anyhow regarding our speciﬁc case,
episodes of falls started before the beginning of treatment with
CBZ. Furthermore the cardiologist excluded any possible relation-
ship between the arrhythmia and the drug due to the type of
alterations seen at the ECG. In addition, in our patient, therewas no
history of underlying cardiac disease and therefore she was not
more vulnerable to possible arrhythmias.
Due to the long duration of the asystole (19 s) and the previous
history of falls, suggesting the existence of seizure-induced
asystoles, a pacemaker was implanted. It is important to develop
risk stratiﬁcation strategies in order to prevent neurogenic cardiac
arrhythmias and implant pacemaker. Recognizing patients at risk
can be done with an accurate medical history, physical examina-
tion, and most of all, with a simultaneous ECG/EEG recording.Careful attention must be given to the ECG concomitant to an
epileptic discharge in order to see if any variations in the heart rate
occur. Patients at higher risk for having SUDEP might present
rhythm abnormalities and they should be monitored closely and
for longer periods.15 Risk factors for having SUDEP are high seizure
frequency, occurrence of generalized tonic–clonic seizures, young
age, subtherapeutic concentrations of antiepileptic drugs, long
duration of epilepsy and treatment with more than two antiepi-
leptic drugs.15 If ictal bradycardia is recorded, we think that further
cardiac investigations should be immediately done. The use of
Holter devices or implantable recorders for longer observations
could be helpful for an early diagnosis of asystoles. If asystole
occurs, pacemaker becomes the only therapeutic option. In the
study of Rugg-Gunn et al., 21% patients needed pacemaker
implantation.5 In our case we decided together with the
cardiologist to implant a pacemaker. Most certainly all of our
patient’s previous episodes of loss of consciousness and falls were
due to a seizure-induced syncope.
In conclusion, ictal asystole can occur in a patient with a right
temporo-parietal lobe epilepsy. No clear established guidelines
exist at the moment on how to predict the occurrence of such
disorder. Therefore attention should be paid to certain features
(ictal bradycardia, falls) in order to better anticipate any possible
dramatic consequences.
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